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(57) ABSTRACT

A developing device has stirring members for conveying and
stirring a developer-tank-contained developer and a devel-
oper holder, and has a developer replenishing tank for replen-
1shing a replenishment developer to a developer tank; a toner
concentration detecting sensor; a discharging mechanism for
discharging an excessive amount of the developer-tank-con-
tained developer outside the developer tank when the amount
of the developer-tank-contained developer inside the devel-
oper tank exceeds a predetermined amount; and a control unit
for replenishing the developer-tank-contained developer
when 1t 1s detected that the toner concentration inside the
developer tank 1s lower than a first reference value and for
forcibly consuming the toner inside the developer tank and
replenishing the replenishment developer when 1t 1s detected
that the toner concentration inside the developer tank 1s
higher than a second reference value that 1s higher than the
first reference value.

20 Claims, 7 Drawing Sheets
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Fig.4
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DEVELOPING DEVICE AND IMAGE
FORMING APPARATUS

This application 1s based on applications No. 2007-222494
filed 1n Japan, the contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a developing device foruse
in an electrophotographic image forming apparatus and to an
image forming apparatus incorporating the developing
device. More particularly, the present invention relates to a
trickle developing device that gradually supplies fresh devel-
oper and gradually discharge deteriorated developer and to an
image forming apparatus incorporating the developing
device.

2. Description of the Related Art

As developing systems employed for electrophotographic
image forming apparatuses, the one-component developing
system 1n which toner 1s used as the main component of the
developer and the two-component developing system 1n
which toner and carrier are used as the main components of
the developer are known.

The two-component developing system that uses toner and
carrier, in which the toner and carrier are charged by friction
contact therebetween to predetermined polarities, has a char-
acteristic that the stress on the toner 1s less than that in the
one-component developing system that uses a one-compo-
nent developer. Since the surface area of the carrier 1s larger
than that of the toner, the carrier 1s less contaminated with the
toner attached to the surface thereof. However, with the use
for a long period, contamination (spent) attached to the sur-
face of the carrier increases, whereby the capability of charg-
ing the toner i1s reduced gradually. As a result, problems of
photographic fog and toner scattering occur. Although it 1s
conceivable that the amount of the carrier stored in a two-
component developing device 1s increased to extend the life
of the developing device, this 1s undesirable because the
developing device becomes larger 1n size.

To solve the problems encountered 1n the two-component
developer, Patent document 1 discloses a trickle developing
device being characterized in that fresh developer 1s gradually
replenished 1nto the developing device and developer dete-
riorated 1n charging capability 1s gradually discharged from
the developing device, whereby the increase of the deterio-
rated carrier 1s suppressed. The developing device 1s config-
ured to maintain the volume level of the developer inside the
developing device approximately constant by discharging an
excessive amount of deteriorated developer using the change
in the volume of the developer. In the trickle developing
device, the deteriorated carrier inside the developing device 1s
gradually replaced with fresh carrier, and the charging per-
formance of the carrier inside the developing device can be
maintained approximately constant.

[Patent document 1] Japanese Patent Application Laid-Open
Publication No. Sho 59-100471

However, since the volume of the developer inside the
developing device changes depending on the concentration of
toner and the deteriorated state of carrier, that 1s, the state of
the developer inside the developing device, the ratio of the
ingredients constituting the developer becomes different even
i the volume of the developer remains the same.

The concentration of the toner 1nside the developing device
1s detected using, for example, a toner concentration detect-
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ing sensor that detects the permeability of the developer. For
this reason, the measurement accuracy of the toner concen-

tration detecting sensor 1s not suificiently high, and the toner
concentration indicated as a measured value may be different
from the true toner concentration. In addition, the toner con-
centration obtained using the toner concentration detecting
sensor may indicate a toner concentration different from the
true toner concentration depending on the filling state of the
developer around the toner concentration detecting sensor
and the changes in the ambient environment of the image
forming apparatus.

Because of various factors such as those described above,
the toner concentration obtained using the toner concentra-
tion detecting sensor may be detected to be higher than a first
reference toner concentration that 1s assumed to be appropri-
ate. Since the trickle developing device 1s controlled such that
the volume level of the developer inside the developing
device 1s maintained approximately constant, if the toner
concentration 1s detected to be high for some reason, the
developer 1s not replenished for a while and ordinary image
formation 1s carried out continuously until the toner concen-
tration inside the developing device returns to the appropnate
first reference toner concentration. When the toner concen-
tration 1nside the developing device has returned to the refer-
ence toner concentration, the amount of the toner inside the
developing device, that 1s, the amount of the developer,
becomes scarce, and the volume level of the developer inside
the developing device lowers. The fact that the volume level
of the developer inside the developing device lowers indicates
that the developer inside the developing device 1s insuilicient.
A stirring screw 1s used to stir the developer inside the devel-
oping device, and the stirring screw 1s usually disposed along
the developing roller to convey the developer 1n the longitu-
dinal direction of the developing roller while stirrng the
developer. When the developer 1s conveyed using the stirring
screw 1n this state, the low concentration portion of the devel-
oper 1s also moved as the spiral of the screw 1s moved,
whereby uneven supply to the developing roller correspond-
ing to the movement of the screw occurs. As a result, the
influence of the uneven supply of the toner appears on formed
images. Hence, 1n the conventional trickle developing device,
the so-called screw irregularity phenomenon reflecting the
uneven supply of the toner due to the use of the stirring screw
occurs, and there 1s a problem of being unable to maintain
high-quality 1mages.

Accordingly, the technical problem to be solved by the
present mvention 1s to provide a developing device and an
image forming apparatus capable of carrying out excellent
image formation for a long period by making the fluctuations
in the toner concentration and the volume level of the devel-
oper nside a trickle developing device that uses a two-com-
ponent developer as small as possible.

SUMMARY OF THE INVENTION

To solve the above-mentioned technical problem, the
present mvention provides a developing device having stir-
ring members for stirring a developer-tank-contained devel-
oper containing toner and carrier mside a developer tank
while conveying the developer and a developer holder dis-
posed adjacent to the stirring members to supply the stirred
developer-tank-contained developer to an electrostatic latent
image holder, comprising:

a developer replenishing tank for replenishing a replenish-
ment developer containing the toner and the carrier to the
developer tank,
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a toner concentration detecting sensor for detecting the
toner concentration 1nside the developer tank,

a discharging mechanism provided in the developer tank to
discharge an excessive amount of the developer-tank-con-
tained developer outside the developer tank when the amount
of the developer-tank-contained developer mside the devel-
oper tank exceeds a predetermined amount, and

control unit for replenishing the replenishment developer
when 1t 1s detected that the toner concentration inside the
developer tank 1s lower than a first reference value and for
torcibly consuming the toner nside the developer tank and
replenishing the replenishment developer when 1t 1s detected
that the toner concentration inside the developer tank 1s
higher than a second reference value that 1s higher than the
first reference value.

In the above-mentioned developing device, when 1t 1s
detected that the toner concentration inside the developer tank
1s lower than the first reference value (that 1s, the first refer-
ence toner concentration), ordinary replenishment operation
of replemishing the replenishment developer from the devel-
oper replenishing tank to the developer tank 1s carried out,
whereby the toner concentration inside the developer tank
rises. Furthermore, when 1t 1s detected that the toner concen-
tration inside the developer tank 1s higher than the second
reference value (that 1s, the second reference toner concen-
tration), the operation of forcibly consuming the toner inside
the developer tank 1s carried out, whereby the toner concen-
tration 1nside the developer tank lowers, and the replenishing
operation of the replenishment developer 1s carried out,
whereby the lowered volume level inside the developer tank
rises.

The replemishment amount of the replenishment developer
at the time when 1t 1s detected that the toner concentration
inside the developer tank 1s higher than the second reference
value 1s made larger than the forced consumption amount of
the toner inside the developer tank, whereby the lowered
volume level 1nside the developer tank rises.

The operation of forcibly consuming the toner inside the
developer tank 1s done by attaching the toner inside the devel-
oper tank to the electrostatic latent image holder. Since such
a component incorporated in the 1mage forming apparatus 1s
used as described above, 1t not necessary to additionally
install any toner consumption mechanism for forcibly con-
suming the toner, and the cost does not increase.

The control unit 1s characterized 1n that when 1t 1s detected
that the toner concentration inside the developer tank 1s
higher than the second reference value, the control unit car-
ries out the operation of forcibly consuming the toner inside
the developer tank until 1t 1s detected that the toner concen-
tration inside the developer tank 1s lower than the first refer-
ence value and that after 1t 1s detected that the toner concen-
tration 1inside the developer tank i1s lower than the first
reference value, the control unit carries out the operation of
forcibly consuming the toner inside the developer tank and
the replenishment operation of the replenishment developer
concurrently. With the above-mentioned control unit, the
operation of forcibly consuming the toner inside the devel-
oper tank 1s carried out until it 1s detected that the toner
concentration 1nside the developer tank 1s lower than the first
reference value, whereby the toner concentration inside the
developer tank lowers to the first reference value. After the
toner concentration iside the developer tank becomes lower
than the first reference value, the operation of forcibly con-
suming the toner inside the developer tank and the replenish-
ment operation of the replenishment developer are carried out
concurrently, whereby the lowered volume level inside the
developer tank rises while the toner concentration inside the
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developer 1s maintained approximately at the first reference
value. The mvention set forth above corresponds to a first
toner forced consumption mode described later.

The control unit 1s characterized in that when 1t 1s detected
that the toner concentration inside the developer tank 1s
higher than the second reference value, the control unit car-
ries out the operation of forcibly consuming the toner inside
the developer tank a predetermined number of times, and that
the control unit carries out the operation of forcibly consum-
ing the toner inside the developer tank and the replenishment
operation of the replenishment developer concurrently a pre-
determined number of times, and then that the control unit
carries out the operation of forcibly consuming the toner
inside the developer tank until 1t 1s detected that the toner
concentration inside the developer tank 1s lower than the
second reference value. With the above-mentioned control
unit, the operation of forcibly consuming the toner inside the
developer tank 1s carried out the predetermined number of
times, whereby the raised toner concentration inside the
developer tank lowers to some extent. Furthermore, the
operation of forcibly consuming the toner inside the devel-
oper tank and the replenishment operation of the replenish-
ment developer are carried out the predetermined number of
times 1n the state that the toner concentration 1nside the devel-
oper tank has lowered to some extent, whereby the volume
level 1nside the developer tank gradually rises. Still further,
the operation of forcibly consuming the toner inside the
developer tank 1s carried out until the toner concentration
inside the developer tank becomes lower than the second
reference value, whereby the raised toner concentration low-
ers to the second reference value, and the volume level rises to
a predetermined height. Hence, the replenishment developer
1s replenished at an early stage before the toner concentration
inside the developer tank reaches the first reference value
(that 1s, after the operation of forcibly consuming the toner 1s
carried out the predetermined number of times), whereby the
lowering of the toner concentration and the rising of the
volume level inside the developer tank can be attained in
shorter times. The mvention set forth above corresponds to a
second toner forced consumption mode described later.

The developing device 1s characterized 1in that the devel-
oping device further comprises a developer discharge detect-
ing sensor for detecting whether the developer-tank-con-
tamned developer 1s discharged from the discharging
mechamism and that when 1t 1s detected that the toner concen-
tration inside the developer tank 1s higher than the second
reference value, the control unit carries out the operation of
forcibly consuming the toner inside the developer tank and
the replenishment operation of the replenishment developer
concurrently until the discharge of the developer-tank-con-
tamned developer 1s detected. With the above-mentioned
developing device, the operation of forcibly consuming the
toner and the replenishment operation of the replenishment
developer are carried out concurrently until the discharge of
the developer-tank-contained developer 1s actually detected
using the developer discharge detecting sensor, whereby the
volume level inside the developer tank gradually rises until
the developer-tank-contained developer inside the developer
tank 1s discharged using the discharging mechamism while the
toner concentration 1s maintained at the first reference value.
The mvention set forth above corresponds to a third toner
forced consumption mode described later.

The above-mentioned developing device 1s incorporated
and used 1n an 1mage forming apparatus comprising a rotat-
able electrostatic latent image holder for holding electrostatic
latent 1mages on the circumierential face thereof, stirring
members for stirring a developer-tank-contained developer
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containing toner and carrier nside a developer tank while
conveying the developer, and a developer holder disposed
adjacent to the stirring members to supply the stirred devel-
oper-tank-contained developer to the electrostatic latent
image holder.

Since paper 1s wastelully consumed when ordinary image
formation 1n which paper output is performed for the forced
consumption operation of the toner imside the developer tank
1s carried out, the image forming apparatus further comprises
transier unit for transierring a toner image developed 1nto a
visible image using the developer holder onto paper from the
circumierential face of the electrostatic latent 1image holder
and cleaning device for removing nontransierred toner from
the surface of the electrostatic latent 1mage holder, whereby
torcibly consumed toner 1s not transierred onto the paper but
1s recovered using the cleaning device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing the schematic configuration of an
image forming apparatus according to a first embodiment of
the present invention;

FIG. 2 1s a schematic sectional view showing the develop-
ing device of the image forming apparatus shown in FIG. 1 as
seen from above;

FIG. 3 1s a block diagram of the developing device of the
image forming apparatus shown in FIG. 2;

FI1G. 4 15 a tlowchart of a subroutine regarding the replen-
iIshment operation of the developing device according to the
first embodiment of the present invention;

FIG. 5 1s a flowchart of a subroutine regarding a first toner
forced consumption mode according to the first embodiment;

FIG. 6 1s a flowchart of a subroutine regarding a second
toner forced consumption mode according to a second
embodiment;

FI1G. 7 1s a flowchart of a subroutine regarding a third toner
forced consumption mode according to a third embodiment;
and

FIG. 8 1s a schematic sectional view showing part of the
developing device of the image forming apparatus shown 1n
FIG. 1 as seen from the side.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Preferred embodiments according to the present invention
will be described below referring to the accompanying draw-
ings. Although terms meaning specific directions (for
example, “above,” “below,” “left” and “right” and other terms
including these, and “clockwise” and “counterclockwise”)
are used 1n the following description, they are used for pur-
poses of facilitating the understanding of the present mven-
tion referring to the drawings, and it should not be construed
that the present invention 1s limited by the meanings of the
terms. Furthermore, 1n an image forming apparatus 1 and a
developing device 34 described below, 1dentical or similar
components are designated by the same reference numerals.

The image forming apparatus 1 and the developing device
34 incorporated therein according to a first embodiment of the
present invention will be described referring to FIGS. 1 to 3.

[Image Forming Apparatus]

FIG. 1 shows the components relating to image formation
in the electrophotographic image forming apparatus 1
according to the present invention. The image forming appa-
ratus 1 may be a copier, a printer, a facsimile machine or a
compound machine combinedly equipped with the functions
of these. The image forming apparatus 1 has a photosensitive
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member 12 serving as an electrostatic latent image holder.
Although the photosensitive member 12 1s formed of a cyl-
inder 1n this embodiment, the photosensitive member 12 1s
not limited to have such a shape 1n the present invention, but
it 1s possible to use an endless belt-type photosensitive mem-
ber instead. The photosensitive member 12 1s connected to a
motor (not shown) so as to be driven and 1s rotated on the basis
of the driving of the motor 1n the direction indicated by the
arrow. Around the circumierence of the photosensitive mem-
ber 12, a charging device 26, an exposure device 28, a devel-
oping device 34, a transier device 36 and a cleaning device 40
are respectively arranged along the rotation direction of the
photosensitive member 12.

The charging device 26 charges the photosensitive layver,
that 1s, the outer circumferential face of the photosensitive
member 12, to a predetermined potential. Although the charg-
ing device 26 1s represented as a cylindrical roller 1n this
embodiment, instead of this, 1t1s also possible to use charging
devices of other forms (for example, a rotary or fixed brush
type charging device and a wire discharging type charging
device). The exposure device 28 disposed at a position close
to or away from the photosensitive member 12 emits image
light 30 toward the outer circumierential face of the charged
photosensitive member 12. An electrostatic latent image hav-
ing an areca wherein the image light 30 1s projected and the
charged potential 1s attenuated and an area wherein the
charged potential 1s almost maintained 1s formed on the outer
circumierential face of the photosensitive member 12 thathas
passed the exposure device 28. In this embodiment, the area
wherein the charged potential 1s attenuated 1s the 1mage area
of the electrostatic latent 1mage, and the area wherein the
charged potential 1s almost maintained 1s the non-image area
of the electrostatic latent image. The developing device 34
develops the electrostatic latent 1mage into a visible image
using a developer-tank-contained developer 3 described later.
The details of the developing device 34 are described later.
The transfer device 36 transiers the visible image formed on
the outer circumierential face of the photosensitive member
12 onto paper 38 or film. Although the transfer device 36 1s
shown as a cylindrical roller 1n the embodiment shown 1n
FIG. 1, 1t 1s also possible to use transier devices having other
forms (for example, a wire discharging type transier device).
The cleaning device 40 recovers non-transierred toner not
transferred to the paper 38 by the transier device 36 but
remaining on the outer circumierential face of the photosen-
sitive member 12 from the outer circumierential face of the
photosensitive member 12. Although the cleaning device 40
1s shown as a plate-like blade 1n this embodiment, instead of
this, 1t 1s also possible to use cleaning devices having other
forms (for example, a rotary or fixed brush-type cleaning
device).

When the image forming apparatus 1 configured as
described above forms an 1image, the photosensitive member
12 1s rotated counterclockwise, for example, on the basis of
the driving of the motor (not shown). At this time, the outer
circumierential area of the photosensitive member 12 passing
the charging device 26 1s charged to a predetermined potential
at the charging device 26. The outer circumierential area of
the charged photosensitive member 12 1s exposed to the
image light 30 at the exposure device 28, and an electrostatic
latent 1image 1s formed. As the photosensitive member 12 1s
rotated, the electrostatic latent image 1s conveyed to the devel-
oping device 34 and developed into a visible image using the
developing device 34. As the photosensitive member 12 1s
rotated, the toner image developed into the visible 1mage 1s
conveyed to the transter device 36 and transierred to the paper
38 using the transier device 36. The paper 38 to which the
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toner 1mage 1s transierred 1s conveyed to a fixing device 20,
and the toner 1mage 1s fixed to the paper 38. The outer cir-
cumierential area of the photosensitive member 12 having
passed the transfer device 36 1s conveyed to the cleaning
device 40 1n which the toner not transferred to the paper 38 but
remaining on the outer circumierential face of the photosen-
sitive member 12 1s scraped oif from the photosensitive mem-
ber 12.

[Developing Device]

The developing device 34 1s provided with a two-compo-
nent developer containing non-magnetic toner (hereafter sim-
ply referred to as toner) and magnetic carrier (hereafter sim-
ply referred to as carrier) and a developer tank 66
accommodating various members. The developer tank 66 has
an opening section being open toward the photosensitive
member 12, and a developing roller 48 1s installed 1n a space
formed near the opening section. The developing roller 48
serving as a developer holder 1s a cylindrical member that 1s
rotatably supported 1n parallel with the photosensitive mem-
ber 12 while having a predetermined developing gap to the
outer circumierential face of the photosensitive member 12.

The developing roller 48 1s the so-called magnetic roller
having a magnet 48a secured so as not to be rotatable and a
cylindrical sleeve 485 (first rotating cylinder) supported so as
to be rotatable around the circumierence of the magnet 48a.
Above the sleeve 48b of the developing roller 48, a regulating,
plate 62 secured to the developer tank 66 and extending in
parallel with the center axis of the sleeve 485 of the develop-
ing roller 48 1s disposed so as to be opposed thereto with a
predetermined regulating gap therebetween. The magnet 484
disposed inside the developing roller 48 has five magnetic
poles N1, S2, N3, N2 and S1 1n the rotation direction of the
sleeve 48b. Among these magnetic poles, the main magnetic
pole N1 1s disposed so as to be opposed to the photosensitive
member 12. The magnetic poles N2 and N3 having the same
polarity and generating a repulsive magnetic field for detach-
ing the developer from the surface of the sleeve 48H are
disposed so as to be opposed to each other inside the devel-
oper tank 66. The sleeve 486 of the developing roller 48
rotates 1n the direction opposite to the rotation direction of the
photosensitive member 12 (counter direction).

FIG. 2 1s a schematic sectional view showing the develop-
ing device 34 as seen from above. As shown in FIG. 2, a
developer stirring and conveying chamber 67 1s formed
behind the developing roller 48. The developer stirring and
conveying chamber 67 comprises a second conveying pas-
sage 70 formed near the developing roller 48, a first convey-
ing passage 68 formed away from the developing roller 48
and a partition wall 76 for partitioning the space between the
first conveying passage 68 and the second conveying passage
70. Above the upstream side of the conveying direction of the
first conveying passage 68, a developer replenishing tank 80
1s disposed and communicates with the first conveying pas-
sage 68 via areplenishing port 82. The developer replenishing
tank 80 1s filled with a replenishment developer 2 containing,
toner as a major ingredient and carrier. The ratio of the carrier
in the replemishment developer 2 1s preferably 5 to 40 wt %,
turther preferably 10 to 30 wt %. In addition, below the
downstream side of the conveying direction of the second
conveying passage 70, a developer recovery tank 90 1s dis-
posed and communicates with the second conveying passage
70 via a recovery port 92.

At the bottom of the developer replenishing tank 80, a
developer supplying roller 1s disposed, the driving operation
of which 1s controlled using a controller 100. When the devel-
oper supplying roller 1s driven and rotated, the replenishment
developer 2, which 1s fresh and the amount of which corre-
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sponds to the driving time of the roller, flows downward and
1s supplied to the first conveying passage 68 of the developer
tank 66.

In the first conveying passage 68, a first screw 72 serving as
a stirring member for conveying the developer-tank-con-
tained developer 3 while stirring the developer is rotatably
supported. In the second conveying passage 70, a second
screw 74 for conveying the developer-tank-contained devel-
oper 3 from the first conveying passage 68 to the developing
roller 48 while stirring the developer 1s rotatably supported. In
this case, the upper portions of the partition wall 76 located at
both end sections of the first conveying passage 68 and the
second conveying passage 70 are cut out, and communicating,
passages are formed. The developer-tank-contained devel-
oper 3 having reached the end section on the downstream side
in the conveying direction of the first conveying passage 68 1s
sent 1nto the second conveying passage 70 via the communi-
cating passage, and the developer-tank-contained developer 3
having reached the end section on the downstream side in the
conveying direction of the second conveying passage 70 1s
sent 1nto the first conveying passage 68 via the communicat-
ing passage. As a result, the developer-tank-contained devel-
oper 3 1s circulated 1nside the developer stirring and convey-
ing chamber 1n the direction indicated by the arrows shown 1n
FIG. 2.

The first screw 72 and the second screw 74 are each a spiral
screw 1n which a spiral vane with a predetermined pitch 1s
secured to a shaft. FIG. 8 1s a schematic sectional view show-
ing part of the developing device 34 as seen from the side and
corresponding to the right end section shown i FIG. 2. As
shown in FI1G. 8, the second screw 74 1s extended rightward 1n
the figure and further extended above the recovery port 92. At
cach of the positions corresponding to the communicating
passage Irom the second conveying passage 70 to the first
conveying passage 68 and to the downstream side end section
of the first conveying passage 68, the second screw 74 has a
reverse vane section 77 1 which the spiral direction of the
spiral screw 1s opposite to that at the other section. The pitch
of the vane of the second screw 74 at the downstream side end
section (the right end section 1n FIG. 2) 1n the conveying
direction 1s made smaller than that at the other section. As a
result, when the second screw 74 is rotated, the level of the
developer-tank-contained developer 3 at the downstream side
end section (the right end section) 1n the conveying direction
of the second screw 74 becomes higher than that at the other
vane section. In other words, a rising of the developer-tank-
contained developer 3 1s formed at the downstream side end
section (the nght end section) 1n the conveying direction of
the second screw 74.

Since the developing device 34 employs the so-called
trickle system, the developing device has an outlet 75 for
allowing an excessive amount of the developer-tank-con-
tained developer 3 to tlow out. In other words, the outlet 75 1s
formed by providing a cutout 75 that 1s formed by partially
cutting out the upper portion of the side wall located at the
downstream side end section (the right end section) 1n the
conveying direction of the second conveying passage 70. In a
usual state, the developer being conveyed using the second
screw 74 1s stopped using the reverse vane section 77 and
conveyed from the second conveying passage 70 to the first
conveying passage 68 as indicated by the solid-line arrows
shown 1n FIGS. 2 and 8. When the developer-tank-contained
developer 3 increases inside the developer tank and the devel-
oper level 1inside the developer tank rises, the developer-tank-
contained developer 3 climbs over the outlet 75 disposed at
the upper portion of the side wall against the damming action
of the reverse vane section 77 and overtlows to a recovery
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chamber adjacent thereto. The excessive amount of the devel-
oper-tank-contained developer 3 overflowed to the recovery
chamber 1s conveyed to the recovery port 92 1n the directions
indicated by the broken-line arrows shown in FIG. 8 and
recovered (dumped) mto the developer recovery tank 90 via
the recovery port 92.

In the developer stirring and conveying chamber 67, a toner
concentration detecting sensor 78 for detecting the toner con-
centration 1nside the developer stirring and conveying cham-
ber 67 1s provided. The toner concentration detecting sensor
78 detects the permeability of the developer-tank-contained
developer 3 being conveyed inside the developer stirring and
conveying chamber 67 on the basis of the change in the
inductance of a coil, for example. The ratio of the toner 1n the
developer-tank-contained developer 3 1s obtained on the basis
ol the permeability detected using the toner concentration
detecting sensor 78. For example, when the amount of the
carrier contained in the developer-tank-contained developer 3
1s small, 1t 1s detected that the ratio of the toner 1s high. On the
other hand, when the amount of the carrier contained in the
developer-tank-contained developer 3 1s large, 1t 1s detected
that the ratio of the toner 1s low. In addition, the voltage signal
output from the toner concentration detecting sensor 78 1s
input to the controller 100, a required replenishing amount 1s
calculated on the basis of the detection signal, the developer
replenishing roller of the developer replenishing tank 80 1s
driven, and the predetermined amount of the replenishment
developer 2 1s replenished into the developer tank 66.

In the developing device 34, when the toner concentration
of the circulating developer-tank-contained developer 3 low-
ers as the printing operation proceeds, the replenishment
developer 2 containing toner and a small amount of carrier 1s
replenished from the developer replenishing tank 80. The
replenishment developer 2 having been replemished 1s con-
veyed along the first conveying passage 68 and the second
conveying passage 70 of the above-mentioned developer stir-
ring and conveying chamber 67 while being mixed and stirred
with the developer-tank-contained developer 3 already exist-
ing therein. Although the toner 1s basically consumed on the
photosensitive member 12, the carrier 1s accumulated 1nside

the carrier lowers gradually. Since a small amount of the
carrier that 1s bulkier than the toner 1s contained 1n the replen-
iIshment developer 2, as the replenishment developer 2 1s
replenished, the amount of the developer-tank-contained
developer 3 gradually increases inside the developing device
34. Then, the developer-tank-contained developer 3 having
increased in volume circulates 1n the developer stirring and
conveying chamber 67. An excessive amount of the devel-
oper-tank-contained developer 3 being unable to circulate 1n
the developer stirring and conveying chamber 67 climbs over
the reverse vane section 77 and flows out from the outlet 75
provided at the downstream side end section (the right end
section) 1n the conveying direction of the second conveying
passage 70 and 1s recovered 1n the developer recovery tank 90
via the recovery port 92. A developer discharge detecting
sensor 112 1s provided in the recovery port 92 or the developer
stirring and conveying chamber 67. The developer discharge
detecting sensor 112 comprises, for example, a light-emitting
device, such as an infrared LED, and a light-receiving device
for recerving the light from the light-recerving device. The
discharge of the excessive amount of the developer-tank-
contained developer 3 1s detected when the light-receiving
device detects that the light from the light-emitting device 1s
interrupted by the developer.

The replenishing amount of the replenishment developer 2
1s determined on the basis of the toner concentration of the
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10

15

20

25

30

35

40

45

50

55

60

65

10

developer-tank-contained developer 3 detected using the
toner concentration detecting sensor 78, the image informa-
tion (dot counter) at the time of 1mage formation and the ratio
of the carrier in the replenishment developer 2 inside the
developer replenishing tank 80. The ratio of the carrier 1n the
replenishment developer 2 inside the developer replenishing
tank 80 1s adjusted to the extent that the carrier iside the
developing device 34 1s suppressed from deteriorating and
that the cost 1s not increased. As the toner replenishing opera-
tion proceeds, the carrier 1s supplied gradually.

FIG. 3 1s a control block diagram of the developing device
34 of the image forming apparatus 1.

The controller 100 serving as control unit comprises a CPU
(central processing unit) 102, a ROM (read only memory)
104, a RAM (random access memory) 106, etc. The CPU 102
concentratedly controls various operations in the image form-
ing apparatus 1 according to various processing programs and
tables stored inside the ROM 104. In the ROM 104, for
example, a toner concentration calculation table for carrying
out calculation to convert the voltage detected using the toner
concentration detecting sensor 78 1nto the toner concentration
of the developer-tank-contained developer 3 and a developer
replenishing table for calculating the amount of the developer
to be replenished on the basis of the difference between the
actual toner concentration of the developer-tank-contained
developer 3 and the first reference toner concentration (that s,
the first reference value). The RAM 106 provides a work area
in which various programs to be executed by the controller
100 and data for the programs are temporarily stored.

The developing device 34, the developer replenishing tank
80, the developer discharge detecting sensor 112 and a
counter 108 are connected to the controller 100. The opera-
tions of the developer stirring members 72 and 74, the toner
concentration detecting sensor 78 and the developing roller
48 constituting the developing device 34 are controlled using
the CPU 102 of the controller 100. In addition, the toner
concentration of the developer-tank-contained developer 3
detected using the toner concentration detecting sensor 78,
image information at the time of image formation, the ratio of
the carrier in the replenishment developer 2 inside the devel-
oper replenishing tank 80, etc. are temporarily stored in the
RAM 106.

| Developer]

The two-component developer contains toner and carrier
for charging the toner. In the present invention, the known
toner that has been used generally and conventionally can be
used for the image forming apparatus 1. The particle diameter
of the toner 1s, for example, approximately 3 to 15 um. It 1s
also possible to use toner containing a coloring agent 1n a
binder resin, toner containing a charge control agent and a
releasing agent, and toner holding additives on the surface.

The toner 1s produced using known methods, such as the
egrinding method, the emulsion polymerization method and
the suspension polymerization method.

Examples of the binder resin being used for the toner
include styrene resins (homopolymers or copolymers con-
taining styrene or styrene substitutes), polyester resins, epoxy
resins, polyvinyl chloride resins, phenol resins, polyethylene
resins, polypropylene resins, polyurethane resins, silicone
resins or any appropriate combinations of these resins,
although not restricted to these. The softening temperature of
the binder resin 1s preferably 1n the range of approximately 80
to 160° C., and the glass transition temperature thereof 1s
preferably 1n the range of approximately 50 to 75° C.

As the coloring agent, 1t1s possible to use known materials,
such as carbon black, aniline black, activated charcoal, mag-
netite, benzine yellow, permanent yellow, naphthol yellow,
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phthalocyanine blue, fast sky blue, ultramarine blue, rose
bengal and lake red. In general, the additive amount of the
coloring agent 1s preferably 2 to 20 parts by weight per 100
parts by weight of the binder resin.

The materials conventionally known as charge control
agents can be used as the charging control agent. More spe-
cifically, for the toner that 1s positively charged, 1t 1s possible
to use materials, such as nigrosin dyes, quaternary ammo-
nium salt compounds, triphenylmethane compounds, 1mida-
zole compounds and polyamine resins, as the charge control
agent. For the toner that 1s negatively charged, 1t 1s possible to
use materials, such as azo dyes containing metals such as Cr,
Co, Al and Fe, salicylic acid metal compounds, alkyl salicylic
acid metal compounds and calixarene compounds, as the
charge control agent. It 1s desirable that the charge control
agent 1s used 1n the ratio o 0.1 to 10 parts by weight per 100
parts by weight of the binder resin.

The materials conventionally known and used as releasing
agents can be used as the releasing agent. As the material of
the releasing agent, it 1s possible to use materials, such as
polyethylene, polypropylene, carnauba wax, sasol wax or any
appropriate combinations of these. It 1s desirable that the
releasing agent 1s used 1n the ratio 01 0.1 to 10 parts by weight
per 100 parts by weight of the binder resin.

Furthermore, it may be possible to add a fluidizer for accel-
crating the fluidization of the developer. As the fluidizer, 1t 1s
possible to use 1norganic particles, such as silica, titanium
oxide and aluminum oxide, and resin particles, such as acrylic
resins, styrene resins, silicone resins and fluororesins. It 1s
particularly desirable to use materials hydrophobized using a
silane coupling agent, a titanium coupling agent, silicone oil,
etc. It 1s desirable that the fluidizer 1s added 1n the ratio o1 0.1
to S parts by weight per 100 parts by weight of the toner. It 1s
desirable that the number average primary particle diameters
of these additives are 1n the range of 9 to 100 nm.

As the carrier, the known carriers used conventionally and
generally can be used. Either the binder-type carrier or the
coated-type carrier may be used. It 1s desirable that the diam-
eter of the carrner particles 1s 1n the range of approximately 15
to 100 um, although not restricted to this range.

The binder-type carrier 1s that obtained by dispersing mag-
netic particles 1n a binder resin and it 1s possible to use carrier
having positively or negatively charged particles or a coating
layer on 1ts surface. The charging characteristics, such as
polarity, of the binder-type carrier can be controlled depend-
ing on the material of the binder resin, electrostatic charging
particles and the kind of the surface coating layer.

Examples of the binder resin being used for the binder-type
carrier include thermoplastic resins, such as vinyl resins typi-
fied by polystyrene resins, polyester resins, nylon resins and
polyolefin resins, and thermosetting resins, such as phenol
resins.

As the magnetic particles of the binder-type carrier, 1t 1s
possible to use spinel ferrites, such as magnetite and gamma
terric oxide; spinel ferrites containing one or more kinds of
nonferrous metals (such as Mn, N1, Mg and Cu); magne-
toplumbite ferrites, such as barium ferrite; and 1ron or alloy
particles having oxide layers on the surfaces. The shape of the
carrier may be particulate, spherical or needle-like. In par-
ticular, when high magnetization 1s required, 1t 1s desirable to
use 1ron-based ferromagnetic particles. In consideration of
chemical stability, 1t 1s desirable to use ferromagnetic par-
ticles of spinel ferrites, such as magnetite and gamma ferric
oxide, or magnetoplumbite ferrites, such as bartum ferrite. It
1s possible to obtain magnetic resin carrier having the desired
magnetization by appropriately selecting the kind and content
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of the ferromagnetic particles. It 1s appropnate to add 50 to 90
wt % of the magnetic particles to the magnetic resin carrier.

As the surface coating material of the binder-type carrier, 1t
1s possible to use silicone resins, acrylic resins, epoxy resins,
fluororesins, etc. The charging capability of the carrier can be
enhanced by coating the surface of the carrier with this kind of
resin and by thermosetting the resin.

The fixation of electrostatic charging particles or electri-
cally conductive particles to the surface of the binder-type
carrier 1s carried out according to, for example, a method 1n
which the magnetic resin carrier 1s uniformly mixed with the
particles, the particles are attached to the surface of the mag-
netic resin carrier, and then mechanical and thermal impact
forces are applied to the particles to put the particles into the
magnetic resin carrier. In this case, the particles are not com-
pletely embedded into the magnetic resin carrier but fixed
such that parts thereof protrude from the surface of the mag-
netic resin carrier. As the electrostatic charging particles,
organic or 1organic msulating materials are used. More spe-
cifically, as organic insulating materials, organic isulating
particles, such as polystyrene, styrene copolymers, acrylic
resins, various acrylic copolymers, nylon, polyethylene,
polypropylene, tluororesins and cross-linked materials of
these are available. The charging capability and the charging
polarity thereof can be adjusted so as to be suited for the
material of the electrostatic charging particles, polymeriza-
tion catalyst, surface treatment, etc. As the morganic msulat-
ing maternial, negatively charged inorganic particles, such as
s1lica and titantum dioxide, and positively charged inorganic
particles, such as strontium titanate and alumina, are used.

The coated-type carrier 1s carrier obtained by coating car-
rier core particles made of a magnetic substance with a resin,
and electrostatic charging particles charged positively or
negatively can be fixed to the surface of the carrier, as 1n the
case of the binder-type carrier. The charging characteristics,
such as polarity, of the coated-type carrier can be adjusted by
selecting the kind of the surface coating layer and the elec-
trostatic charging particles. As the coating resin, 1t 1s possible
to use resins similar to the binder resins for the binder-type
carrier.

The mixture ratio of the toner and the carrier of the devel-
oper-tank-contained developer 3 1s adjusted such that a
desired toner charging amount 1s obtained. The ratio of the
toner 1n the developer-tank-contained developer 3 1s prefer-
ably 3 to 20 wt % and further preferably 4 to 15 wt % with
respect to the total amount of the toner and the carrier. In
addition, the replenishment developer 2 stored 1n the devel-
oper replenishing tank 80 contains toner and a small amount
of carrier, and the ratio of the carrier in the replenishment
developer 2 1s preferably 1 to 50 wt % and further preferably
> t0 30 wt %.

The operation of the developing device 34 configured as
described above will be described.

At the time of 1mage formation, the sleeve 486 of the
developing roller 48 1s rotated in the direction indicated by the
arrow (counterclockwise) on the basis of the driving of the
motor (not shown). By the rotation of the first screw 72 and
the rotation of the second screw 74, the developer-tank-con-
tained developer 3 existing in the developer stirring and con-
veying chamber 67 1s stirred while being circulated and con-
veyed between the first conveying passage 68 and the second
conveying passage 70. As a result, the toner and the carrier
contained in the developer make Iriction contact and are
charged to have polarities opposite to each other. In this
embodiment, i1t 1s assumed that the carrier i1s positively
charged and that the toner 1s negatively charged. However, the
charging characteristics of the toner and the carrier being used
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for the present mvention are not limited to these combina-
tions. The external size of the carrier 1s considerably larger
than that of the toner. For this reason, the negatively charged
toner 1s attached around the circumierence of the positively
charged carrier mainly on the basis of the electric attraction
force exerted therebetween.

The developer-tank-contained developer 3 charged as
described above 1s supplied to the developing roller 48 1n the
process of being conveyed to the second conveying passage
70 using the second screw 74. The developer 1s held on the
surface of the sleeve 4856 by the magnetic force of the magnet
48a 1nside the developing roller 48 and moved while being
rotated counterclockwise together with the sleeve 485, the
throughput thereot 1s regulated using the regulating plate 62
disposed so as to be opposed to the developing roller 48, and
then the developer 1s conveyed to the developing area
opposed to the photosensitive member 12. Furthermore, 1n
the developing area, chains of particles (magnetic brush) are
formed by the magnetic force of the main magnet pole N1 of
the magnet 48a. In the developing area, by the force of the
clectric field (electric field of AC superimposed on DC) that 1s
tormed between the electrostatic latent image on the photo-
sensitive member 12 and the developing roller 48 to which a
developing bias 1s applied and exerted to the toner, the toner
1s moved to the electrostatic latent image on the photosensi-
tive member 12, and the electrostatic latent image 1s devel-
oped 1nto a visible image. The developer, the toner of which
1s consumed 1n the developing area, 1s conveyed toward the
developer tank 66, detached from the surface of the develop-
ing roller 48 by the repulsive magnetic field between the poles
N3 and N2 of the magnet 48a disposed so as to be opposed to
the second conveying passage 70 of the developer tank 66,
and then recovered into the developer tank 66. The recovered
developer 1s mixed with the developer-tank-contained devel-
oper 3 that 1s being conveyed to the second conveying passage
70.

When the toner contained 1n the developer-tank-contained
developer 3 1s forcibly consumed by the image formation
described above, 1t 1s desirable that the amount of the toner
corresponding to the consumed amount 1s replenished to the
developer-tank-contained developer 3. For this purpose, the
developing device 34 1s equipped with the toner concentra-
tion detecting sensor 78 for measuring the ratio of the toner in
the developer-tank-contained developer 3 existing in the
developer stirring and conveying chamber 67. Furthermore,
the developer replenishing tank 80 1s provided above the first
conveying passage 68.

The image formation according to the present invention 1s
broadly classified into ordinary image formation 1 which
paper output 1s performed after development and the so-
called patch image formation 1 which paper output is not
performed after development. The patch 1mage formation
means 1mage formation 1n which an electrostatic latent image
in a solid state 1s formed on the photosensitive member 12 by
keeping the radiation state of the image light 30 of the expo-
sure device 28 at a predetermined amount of light without
switching the image light 30 of the exposure device 28
between the radiation and nonradiation state on the basis of
image data. By the development of the electrostatic latent
image 1n the solid state, toner 1s forcibly attached onto the
photosensitive member 12, and the forcibly attached toner 1s
recovered using the cleaning device 40 without being trans-
terred onto the paper 38, whereby the toner 1s forcibly con-
sumed. Since the paper 38 1s wastefully consumed if ordinary
image formation 1s carried out for the forced consumption of
toner, patch image formation 1s used for the forced consump-
tion of toner 1n the present mvention. Furthermore, for the
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purpose that toner 1s consumed as much as possible by one
patch 1mage formation operation at the time of the forced
consumption of toner, 1t 1s desirable that the area of the
photosensitive member 12 radiated with the image light 30 1s
as wide as possible 1n the patch image formation.

Next, the operation of the developing device 34 according
to the first embodiment will be described referring to FIGS. 4
and 5.

FIG. 4 1s a main flowchart showing the replenishment
operation for the developing device 34 according to the first
embodiment of the present invention. FIG. 5 1s a tflowchart in
a first toner forced consumption mode according to the first
embodiment. Although the description 1s given while the
following specific numeric values are used to facilitate the
understanding of the first toner forced consumption mode
according to the first embodiment, the numeric values are
only examples, and this embodiment 1s not restricted by the
numeric values.

The first reference toner concentration (that 1s, the first
reference value) of the developer-tank-contained developer 3
stored 1n the trickle developing device 34 1s 7 wt %, and 1ts
amount 1s approximately 250 g. When 1t 1s assumed that the
second reference toner concentration (that 1s, the second ret-
erence value) of the developer-tank-contained developer 3
inside the developing device 34 1s the first reference toner
forced consumption (7 wt %)+2 wt %, the second reference
toner concentration 1s 9 wt %. The amount of the developer
stored 1nside the developing device 34 at the second reference
toner concentration (9 wt %) 1s approximately 210 g. The
amount of the toner to be consumed by one patch image
formation operation 1s approximately 0.5 g. The ratio of the
carrier 1n the replemishment developer 2 1s 15 wt %. The
replenishment amount of the replenishment developer 2 in
one replenishment operation 1s approximately 0.6 g, corre-
sponding to approximately 0.5 g when converted into the
amount of the toner. The number K of replemishment opera-
tions for the replenishment developer 2 1s 100.

FIG. 4 shows a subroutine regarding the replenishment
control for the developing device 34 in the entire control
(main routine), not shown. At step S12, a voltage signal
regarding the toner concentration of the developer-tank-con-
tained developer 3 existing in the developer stirring and con-
veying chamber 67 1s output from the toner concentration
detecting sensor 78. At step S14, the output voltage signal 1s
converted by calculation into the value of the toner concen-
tration using the controller 100. At step S20, a judgment 1s
made as to whether the current toner concentration 1s lower
than the first reference toner concentration (7 wt %). When
the current toner concentration 1s judged to be lower than the
first reference toner concentration, at step S22, the replenish-
ment amount of the replenishment developer 2 1s calculated
on the basis of the current toner concentration detected using
the toner concentration detecting sensor 78, the image infor-
mation (dot counter) at the time of 1image formation and the
ratio of the carrier in the replenishment developer 2 inside the
developer replenishing tank 80. Furthermore, at step S24, the
predetermined amount of the replenishment developer 2 1s
replenished and the process returns to step S12 for toner
concentration detection.

When the current toner concentration 1s judged to be equal
to or higher than the first reference toner concentration at step
520, a judgment 1s made at step S30 as to whether the current
toner concentration 1s lower than the second reference toner
concentration (9 wt %). When the current toner concentration
1s judged to be lower than the second reference toner concen-
tration (9 wt %), the subroutine ends, and the process returns
to the main routine. When the current toner concentration 1s
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judged to be equal to or higher than the second reference toner
concentration (9 wt %) due to the measurement accuracy of
the toner concentration detecting sensor 78, the filling state of
the developer-tank-contained developer 3 around the toner
concentration detecting sensor 78 and the changes in the
ambient environment of the image forming apparatus, the
process shiits to the first toner forced consumption mode at
step S40. At this time, the amount of the developer-tank-
contained developer 3 stored inside the developing device 34
1s approximately 210 g.

FIG. 5 shows a subroutine regarding the first toner forced
consumption mode of the subroutine regarding the replenish-
ment control for the developing device 34, shown 1n FIG. 4.
At step S112, the number K (100) of replenishment opera-
tions, that 1s, the number of how many times the replenish-
ment developer 2 1s replenished 1s set. At step S114, patch
image formation 1n which paper output 1s not performed after
development 1s carried out for toner forced consumption
operation. In this patch image formation, for the purpose that
toner 1s consumed as much as possible by one patch image
formation operation, an 1image 1s formed 1n a solid state so as
to cover the almost entire face. Approximately 0.5 g of toner
1s consumed by one patch image formation operation.

When 1t 15 judged that the replenishment 1s not carried out
predetermined number of times (100), at step S124, a voltage
signal regarding the toner concentration of the developer-
tank-contained developer 3 existing in the developer stirring,
and conveying chamber 67 1s output from the toner concen-
tration detecting sensor 78. At step S126, the output voltage
signal 1s converted by calculation into the value of the toner
concentration using the controller 100. At step S130, a judg-
ment 1s made as to whether the detected current toner con-
centration of the developer-tank-contained developer 3 1is
lower than the first reference toner concentration (7 wt %).

At step S130, when the current toner concentration of the
developer-tank-contained developer 3 1s judged to be equal to
or higher than the first reference toner concentration (7 wt %),
the process returns to step S114 for patch image formation. In
other words, the patch image formation at step S114 1is
repeated until the current toner concentration becomes lower
than the first reference toner concentration (7 wt %). For
example, patch image formation 1s repeated a dozen of times.
Since patch 1image formation is repeated, the toner 1s con-
sumed, and the toner concentration gradually lowers; how-
ever, since the replenishment of the replenishment developer
2 1s not carried out, the volume level of the developer-tank-
contained developer 3 1nside the developer tank 35 lowers.

When 1t 1s judged at step S130 that the current toner con-
centration of the developer-tank-contained developer 3 has
become lower than the first reference toner concentration (7
wt %), that 1s, when 1t 1s judged that the current toner con-
centration of the developer-tank-contained developer 3 1is
restored to the first reference toner concentration as the result
of the repetition of the patch image formation, the replenish-
ment amount of the replenishment developer 2 1s calculated at
step S132 on the basis of the current toner concentration of the
developer-tank-contained developer 3 detected using the
toner concentration detecting sensor 78, the image informa-
tion (dot counter) at the time of image formation and the ratio
of the carrier 1n the replenishment developer 2 inside the
developer replenishing tank 80. Furthermore, at step S134,
the calculated amount (approximately 0.6 g) of the replenish-
ment developer 2 1s replenished, and the number of repeti-
tions of the routine 1s decreased by one, and the process
returns to step S114 for patch image formation. Although the
toner 1s consumed by the patch image formation at step S114,
since the replenishment amount (approximately 0.5 g) of the
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toner 1s balanced with the consumed amount (approximately
0.5 g), the toner concentration of the developer-tank-con-
tained developer 3 1s maintained 1n the restored state, that 1s,
the first reference toner concentration (7 wt %). As a result,
the process goes to YES wherein the judgment at step S130 15
made such that the current toner concentration of the devel-
oper-tank-contained developer 3 has become substantially
lower than the first reference toner concentration (7 wt %).
Hence, 1n addition to the toner consumption operation by the
patch image formation at step S114, the replenishment opera-
tion of the replenishment developer 2 from step S134 to S136
1s repeated. This means that the carrier contained in the
replenishment developer 2 i1s being replenished while the
current toner concentration of the developer-tank-contained
developer 3 1s being restored to the first reference toner con-
centration (7 wt %), 1n other words, the volume level of the
developer-tank-contained developer 3 inside the developer
tank 66 rises gradually as the carrier 1s replenished.

At step S120, a judgment 1s made as to whether replenish-
ment 1s carried out the predetermined number of times (100).
When 1t 1s judged that replenishment 1s carried out the pre-
determined number of times (100), the subroutine regarding
the first toner forced consumption mode ends, and the process
returns to the subroutine regarding the replenishment control
tor the developing device 34, shown 1n FIG. 4.

In the first toner forced consumption mode, during the
replenishment operation of the replenishment developer 2,
the accuracy in the toner concentration and the volume level
of the developer-tank-contained developer 3 1s well balanced
with the time required for the replenishment.

When general 1mage formation was carried out using the
image forming apparatus 1 having the first toner forced con-
sumption mode described above, 1mage loss due to screw
irregularity or the like did not occur, and the effect of the first
toner forced consumption mode has been verified.

Next, the operation of the developing device 34 according
to a second embodiment will be described referring to FIG. 6.

FIG. 6 1s a flowchart of a subroutine regarding a second
toner forced consumption mode according to the second
embodiment. Although the description 1s given while the
following specific numeric values are used to facilitate the
understanding of the second toner forced consumption mode
according to the second embodiment, the numeric values are
only examples, and this embodiment 1s not restricted by the
numeric values.

The first reference toner concentration of the developer-
tank-contained developer 3 stored in the trickle developing
device 34 1s 7 wt %, and 1ts amount 1s approximately 250 g.
When 1t 1s assumed that the second reference toner concen-
tration of the developer-tank-contained developer 3 inside the
developing device 34 is the first reference toner forced con-
sumption (7 wt %)+2 wt %, the second reference toner con-
centration 1s 9 wt %. The amount of the developer stored
inside the developing device 34 at the second reference toner
concentration (9 wt %) 1s approximately 210 g. The amount of
toner to be consumed by one patch image formation operation
1s approximately 0.5 g. The ratio of the carrier 1n the replen-
ishment developer 2 1s 15 wt %. The replenishment amount of
the replenishment developer 2 1s approximately 0.6 g 1n one
replenishment operation, corresponding to approximately 0.5
g when converted into the amount of the toner. The number M
of image formation operations 1s 100. The number L of times
betore the start of replenishment 1s 5.

In the second embodiment, since the subroutine regarding,
the replenishment control for the developing device 34 1s the
same as that for the above-mentioned first embodiment, the
description thereof 1s omitted, and only the subroutine regard-




US 7,840,146 B2

17

ing the second toner forced consumption mode, different
from that of the first embodiment, will be described.

FIG. 6 shows a subroutine regarding the second toner
forced consumption mode of the subroutine regarding the
replenishment control for the developing device 34, shown in
FIG. 4. At step S212, the number M (100) of image formation
operations, that 1s, the number of how many times image
formation operation 1s carried out, 1s set; furthermore, the
number L (for example, 5) of times before the start of replen-
ishment, that 1s, the number of how many times 1image for-
mation 1s carried out before the start of replenishment, 1s set.
At step S214, patch image formation 1n which paper output 1s
not performed after development 1s carried out for toner
forced consumption operation. In this patch image formation,
tor the purpose that toner 1s consumed as much as possible by
one patch image formation operation, an 1mage 1s formed 1n a
solid state so as to cover the almost entire face. Approxi-
mately 0.5 g of toner 1s consumed by one patch image forma-
tion operation. At step S220, a judgment 1s made as to whether
image formation 1s carried out the number of predetermined
times (100).

When 1t 1s judged at step S220 that image formation 1s not
carried out the predetermined number of times (100), the
process advances to step S240, image formation 1s carried out
a predetermined number of times, and a judgment 1s made as
to whether the number of predetermined times has reached
the predetermined number of times before the start of replen-
ishment (100-5=95). When 1t 1s judged at step S240 that the
number of predetermined times has not reached the predeter-
mined number of times before the start of replenishment, the
number of repetitions of the routine 1s decreased by one, and
the process returns to step S214 for patch image formation.
According to the setting condition described above, since the
number of times before the start of replenishment 1s reached
alter image formation 1s repeated S times, 1t 1s judged at step
5240 that the predetermined number of times before the start
of replenishment has been reached.

When 1t 1s judged at step S240 that the predetermined
number of times before the start of replenishment has been
repeated, the predetermined amount (approximately 0.6 g) of
the replenishment developer 2 1s replenished. Then, at step
S244, the number of repetitions of the routine 1s decreased by
one, and the process returns to step S214 for patch image
formation. Although the toner 1s consumed by the patch
image formation at step S214, since the replenishment
amount (approximately 0.5 g) of the toner 1s balanced with
the consumed amount (approximately 0.5 g), the toner con-
centration of the developer-tank-contained developer 3 1is
maintained 1n a state decreased by the amount approximately
corresponding to the five times of 1mage formation opera-
tions.

After image formation 1s carried out 100 times 1n total, 1t 1s
judged at step S220 that image formation has been carried out
the predetermined number of times, and at step S222, a volt-
age signal regarding the toner concentration of the developer-
tank-contained developer 3 existing in the developer stirring
and conveying chamber 67 1s output from the toner concen-
tration detecting sensor 78. At step S224, the output voltage
signal 1s converted by calculation into the value of the toner
concentration of the developer-tank-contained developer 3
using the controller 100. At step S230, a judgment 1s made as
to whether the detected current toner concentration of the
developer-tank-contained developer 3 1s lower than the sec-
ond reference toner concentration (9 wt %).

At step S230, when the current toner concentration of the
developer-tank-contained developer 3 1s judged to be equal to
or higher than the second reference toner concentration (9 wt
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%), the process returns to step S214 for patch 1image forma-
tion. In other words, the patch image formation at step S214
1s repeated until the current toner concentration of the devel-
oper-tank-contained developer 3 becomes lower than the sec-
ond reference toner concentration (9 wt %). Since patch
image formation is repeated, toner 1s consumed, and the toner
concentration of the developer-tank-contained developer 3
gradually lowers; however, since the replenishment of the
replenishment developer 2 1s not carried out, the volume level
ol the developer-tank-contained developer 3 inside the devel-
oper tank 55 lowers.

When 1t 1s judged at step S230 that the current toner con-
centration of the developer-tank-contained developer 3 1s
lower than the second reference toner concentration (9 wt %),
the subroutine regarding the second toner forced consump-
tion mode ends, and the process returns to the subroutine
regarding the replenishment control for the developing device

34, shown 1n FIG. 4.

In the second toner forced consumption mode, since the
toner concentration of the developer-tank-contained devel-
oper 3 1s stipulated by the second reference toner concentra-
tion and the volume level of the developer-tank-contained
developer 3 1s stipulated by the number of times before the
start of replenishment, 1t 1s characterized in that the time
required for the replenishment of the replenishment devel-
oper 2 can be reduced remarkably although the accuracy 1n
the toner concentration and the volume level of the developer-
tank-contained developer 3 becomes low.

When general 1mage formation was carried out using the
image forming apparatus 1 having the second toner forced
consumption mode described above, image loss due to screw
irregularity or the like did not occur, and the effect of the
second toner forced consumption mode has been verified.

Next, the operation of the developing device 34 according
to a third embodiment will be described referring to FIG. 7.

A FIG. 7 1s a flowchart of a subroutine regarding a third
toner forced consumption mode according to the third
embodiment. Although the description 1s given while the
following specific numeric values are used to facilitate the
understanding of the third toner forced consumption mod
according to the third embodiment, the numeric values are
only examples, and this embodiment 1s not restricted by the
numeric values.

The first reference toner concentration of the developer-
tank-contained developer 3 stored in the trickle developing
device 34 15 7 wt %, and 1ts storage amount 1s approximately
250 g. When 1t 1s assumed that the second reference toner
concentration of the developer-tank-contained developer 3
inside the developing device 34 1s the first reference toner
forced consumption (7 wt %)+2 wt %, the second reference
toner concentration 1s 9 wt %. The amount of the developer-
tank-contained developer 3 stored inside the developing
device 34 at the second reference toner concentration (9 wt
%) 1s approximately 210 g. The amount of the toner to be
consumed by one patch image formation operation 1is
approximately 0.5 g. The ratio of the carrier in the replenish-
ment developer 2 1s 15 wt %. The replenishment amount of
the replenishment developer 2 1s approximately 0.6 g 1n one
replenmishment operation, corresponding to approximately 0.5
g when converted into the amount of the toner.

In the third embodiment, since the subroutine regarding the
replenishment control for the developing device 34 is the
same as that of the above-mentioned first embodiment, the
description thereof 1s omitted, and only the subroutine regard-
ing the third replenishment control correction mode, different
from that of the first embodiment, will be described.
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FIG. 7 shows a subroutine regarding the third toner forced
consumption mode of the subroutine regarding the replenish-
ment control for the developing device 34, shown in FIG. 4.
At step S312, patch image formation 1n which paper output 1s
not performed after development i1s carried out for toner
forced consumption operation. In this patch image formation,
for the purpose that toner 1s consumed as much as possible by
one patch image formation operation, an 1image 1s formed 1n a
solid state so as to cover the almost entire face. Approxi-
mately 0.5 g of toner 1s consumed by one patch image forma-
tion operation.

At step S314, a voltage signal regarding the toner concen-
tration of the developer-tank-contained developer 3 existing,
in the developer stirring and conveying chamber 67 1s output
from the toner concentration detecting sensor 78. At step
5316, the output voltage signal 1s converted by calculation
into the value of the toner concentration of the developer-
tank-contained developer 3 using the controller 100. At step
5320, a judgment 1s made as to whether the detected current
toner concentration of the developer-tank-contained devel-
oper 3 1s lower than the first reference toner concentration (7
wt %).

At step S330, when the current toner concentration of the
developer-tank-contained developer 3 1s judged to be equal to
or higher than the first reference toner concentration (7 wt %),
the process returns to step S312 for patch image formation. In
other words, the patch image formation at step S312 1is
repeated until the current toner concentration of the devel-
oper-tank-contained developer 3 becomes lower than the first
reference toner concentration (7 wt %). Since patch image
formation 1s repeated, the toner 1s consumed, and the toner
concentration of the developer-tank-contained developer 3
gradually lowers; however, since the replenishment of the
replenishment developer 2 1s not carried out, the volume level
ol the developer-tank-contained developer 3 inside the devel-
oper tank 55 lowers.

When 1t 1s judged at step S320 that the current toner con-
centration of the developer-tank-contained developer 3 has
become lower than the first reference toner concentration (7
wt %), that 1s, when 1t 1s judged that the current toner con-
centration of the developer-tank-contained developer 3 1s
restored to the first reference toner concentration as the result
ol the repetition of the patch image formation, the replenish-
ment amount of the replenishment developer 2 1s calculated at
step S322 on the basis of the current toner concentration of the
developer-tank-contained developer 3. Furthermore, at step
5324, the predetermined amount (approximately 0.6 g) of the
replenishment developer 2 1s replenished, and at step S330, a
judgment 1s made as to whether the developer-tank-contained
developer 3 has been discharged into the developer recovery
tank 90.

When 1t 1s judged at step S330 that the developer-tank-
contained developer 3 has not been discharged into the devel-
oper recovery tank 90, the process returns to step S312 for
patch 1image formation.

Although the toner 1s consumed by the patch image forma-
tion at step S312, since the replenmishment amount (approxi-
mately 0.5 g) of the toner 1s balanced with the consumed
amount (approximately 0.5 g), the toner concentration of the
developer-tank-contained developer 3 1s maintained at the
restored value, that 1s, the first reference toner concentration
(7 wt %). As a result, the process goes to YES wherein the
judgment at step S320 1s made such that the current toner
concentration of the developer-tank-contained developer 3
has become substantially lower than the first reference toner
concentration (7 wt %). Hence, 1n addition to the toner con-
sumption operation by the patch image formation at step
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S312, the replenishment operation of the replenishment
developer 2 from step S322 to S330 and the discharge detec-
tion ol the developer-tank-contained developer 3 are
repeated. This means that the replenishment developer 2, that
1s, the carrier, 1s being replenished while the current toner
concentration of the developer-tank-contained developer 3 1s
being restored to the first reference toner concentration (7 wt
%), 1n other words, the volume level of the developer-tank-
contained developer 3 inside the developer tank 66 rises
gradually as the carrier 1s replenished.

When 1t 1s judged at step S330 that the developer-tank-
contained developer 3 has been discharged 1nto the developer
recovery tank 90, this means that the developer-tank-con-
tained developer 3 inside the developer stirring and conveying
chamber 67 flows out from the outlet and actually drops nto
the developer recovery tank 90 and that the volume level of
the developer-tank-contained developer 3 has been restored
to the reference volume level; hence, the third toner forced
consumption mode ends at step S332.

In the third toner forced consumption mode, the toner
concentration and the volume level of the developer-tank-
contained developer 3 can be restored accurately to the pre-
determined values by the replemishment operation of the
replenishment developer 2. In the third toner forced con-
sumption mode, the replenishment developer 2 1s replenished
until the volume level of the developer-tank-contained devel-
oper 3 1s restored to the predetermined volume level, and a
large amount of the replenishment developer 2 1s required;
hence, the mode 1s 1deally suited in the case that the developer
tank 66 of the developing device 34 1s small 1n size.

When general 1image formation was carried out using the
image forming apparatus 1 having the third toner forced
consumption mode described above, image loss due to screw
irregularity or the like did not occur, and the effect of the third
toner forced consumption mode has been verified.

Although the description 1s given using specific numeric
values 1n the above-mentioned respective embodiments, the
present invention 1s not restricted by the numeric values but
can be modified variously without departing from the scope
defined 1n the appended claims and equivalents thereof.

What 1s claimed 1s:

1. A developing device having stirring members for stirring
a developer-tank-contained developer containing toner and
carrier inside a developer tank while conveying the developer
and a developer holder disposed adjacent to said stirring
members to supply the stirred developer-tank-contained
developer to an electrostatic latent image holder, comprising:

a developer replenishing tank for replenishing a replenish-
ment developer containing the toner and the carrier to
said developer tank,

a toner concentration detecting sensor for detecting the
toner concentration inside said developer tank,

a discharging mechanism provided 1n said developer tank
to discharge an excessive amount of the developer-tank-
contained developer outside said developer tank when
the amount of the developer-tank-contained developer
inside said developer tank exceeds a predetermined
amount, and

control unit for replenishing the replenishment developer
when 1t 15 detected that the toner concentration inside
said developer tank 1s lower than a first reference value
and for forcibly consuming the toner mside said devel-
oper tank and replenishing the replenishment developer
when 1t 1s detected that the toner concentration inside
said developer tank 1s higher than a second reference
value that 1s higher than said first reference value.
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2. The developing device according to claim 1, wherein the
replenishment amount of the replenishment developer at the
time when 1t 1s detected that the toner concentration inside
said developer tank 1s higher than said second reference value
1s made larger than the forced consumption amount of the
toner inside said developer tank.

3. The developing device according to claim 2, wherein
when 1t 1s detected that the toner concentration inside said
developer tank 1s higher than said second reference value,
said control unit carries out the operation of forcibly consum-
ing the toner 1nside said developer tank until 1t 1s detected that
the toner concentration inside said developer tank 1s lower
than said first reference value, and after 1t 1s detected that the
toner concentration 1nside said developer tank 1s lower than
said first reference value, said control unit carries out the
operation of forcibly consuming the toner inside said devel-
oper tank and the replenishment operation of the replenish-
ment developer concurrently.

4. The developing device according to claim 2, wherein
when 1t 1s detected that the toner concentration inside said
developer tank 1s higher than said second reference value,
said control unit carries out the operation of forcibly consum-
ing the toner inside said developer tank a predetermined num-
ber of times, and said control unit carries out the operation of
torcibly consuming the toner mside said developer tank and
the replenishment operation of the replenishment developer
concurrently a predetermined number of times, and then said
control unmit carries out the operation of forcibly consuming
the toner 1nside said developer tank until 1t 1s detected that the
toner concentration inside said developer tank 1s lower than
said second reference value.

5. The developing device according to claim 2, wherein

said developing device further comprises a developer dis-

charge detecting sensor for detecting whether the devel-
oper-tank-contained developer 1s discharged from said
discharging mechanism, and

when 1t 1s detected that the toner concentration mside said

developer tank 1s higher than said second reference
value, said control unit carries out the operation of forc-
ibly consuming the toner inside said developer tank and
the replenishment operation of the replenishment devel-
oper concurrently until the discharge of the developer-
tank-contained developer 1s detected.

6. The developing device according to claim 1, wherein the
operation of forcibly consuming the toner mside said devel-
oper tank 1s done by attaching the toner inside said developer
tank to said electrostatic latent image holder.

7. The developing device according to claim 6, wherein
when 1t 1s detected that the toner concentration nside said
developer tank 1s higher than said second reference value,
said control unit carries out the operation of forcibly consum-
ing the toner 1nside said developer tank until 1t 1s detected that
the toner concentration inside said developer tank 1s lower
than said first reference value, and after 1t 1s detected that the
toner concentration 1nside said developer tank 1s lower than
said first reference value, said control unit carries out the
operation of forcibly consuming the toner inside said devel-
oper tank and the replenishment operation of the replenish-
ment developer concurrently.

8. The developing device according to claim 6, wherein
when 1t 1s detected that the toner concentration inside said
developer tank 1s higher than said second reference value,
said control unit carries out the operation of forcibly consum-
ing the toner inside said developer tank a predetermined num-
ber of times, and said control unit carries out the operation of
torcibly consuming the toner mside said developer tank and
the replenishment operation of the replenishment developer
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concurrently a predetermined number of times, and then said
control unit carries out the operation of forcibly consuming
the toner 1nside said developer tank until 1t 1s detected that the
toner concentration 1nside said developer tank 1s lower than
said second reference value.

9. The developing device according to claim 6, wherein

said developing device further comprises a developer dis-
charge detecting sensor for detecting whether the devel-
oper-tank-contained developer 1s discharged from said
discharging mechamsm, and

when 1t 1s detected that the toner concentration inside said
developer tank i1s higher than said second reference
value, said control unit carries out the operation of forc-
ibly consuming the toner inside said developer tank and
the replenishment operation of the replenishment devel-
oper concurrently until the discharge of the developer-
tank-contained developer 1s detected.

10. The developing device according to claim 1, wherein
when 1t 1s detected that the toner concentration inside said
developer tank 1s higher than said second reference value,
said control unit carries out the operation of forcibly consum-
ing the toner inside said developer tank until 1t 1s detected that
the toner concentration nside said developer tank 1s lower
than said first reference value, and after 1t 1s detected that the
toner concentration 1nside said developer tank 1s lower than
said first reference value, said control unit carries out the
operation of forcibly consuming the toner mside said devel-
oper tank and the replenishment operation of the replenish-
ment developer concurrently.

11. The developing device according to claim 1, wherein
when 1t 1s detected that the toner concentration inside said
developer tank 1s higher than said second reference value,
said control unit carries out the operation of forcibly consum-
ing the toner inside said developer tank a predetermined num-
ber of times, and said control unit carries out the operation of
forcibly consuming the toner inside said developer tank and
the replenishment operation of the replenishment developer
concurrently a predetermined number of times, and then said
control unit carries out the operation of forcibly consuming
the toner 1nside said developer tank until it 1s detected that the

toner concentration 1nside said developer tank 1s lower than
said second reference value.

12. The developing device according to claim 1, wherein

said developing device further comprises a developer dis-
charge detecting sensor for detecting whether the devel-
oper-tank-contained developer 1s discharged from said
discharging mechamism, and

when 1t 1s detected that the toner concentration inside said
developer tank 1s higher than said second reference
value, said control unit carries out the operation of forc-
ibly consuming the toner inside said developer tank and
the replenishment operation of the replenishment devel-
oper concurrently until the discharge of the developer-
tank-contained developer 1s detected.

13. An 1mage forming apparatus having a rotatable elec-
trostatic latent 1image holder for holding electrostatic latent
images on the circumierential face thereol, stirring members
for stirring a developer-tank-contained developer containing
toner and carrier inside a developer tank while conveying said
developer, and a developer holder disposed adjacent to said
stirring members to supply the stirred developer-tank-con-
tained developer to said electrostatic latent 1mage holder,
comprising;

a developer replenishing tank for replenishing a replenish-

ment developer containing the toner and the carrier to
said developer tank,
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a toner concentration detecting sensor for detecting the
toner concentration inside said developer tank,

a discharging mechanism provided in said developer tank
to discharge an excessive amount of the developer-tank-
contained developer outside said developer tank when
the amount of the developer-tank-contained developer

inside said developer tank exceeds a predetermined
amount, and

control unit for replenishing the developer-tank-contained
developer when it 1s detected that the toner concentra-
tion inside said developer tank 1s lower than a first ret-
erence value and for forcibly consuming the toner inside
said developer tank and replenishing the replenishment
developer when i1t 1s detected that the toner concentra-
tion 1nside said developer tank 1s higher than a second
reference value that 1s higher than said first reference
value.

14. The image forming apparatus according to claim 13,
turther comprising transfer unit for transferring a toner image
developed 1nto a visible image using said developer holder
onto paper from the circumierential face of said electrostatic
latent image holder and a cleaning device for removing non-
transferred toner from the surface of said electrostatic latent
image holder, wherein

forcibly consumed toner 1s not transferred onto the paper
but 1s recovered using said cleaning device.

15. The image forming apparatus according to claim 14,
wherein when 1t 1s detected that the toner concentration inside
said developer tank 1s higher than said second reference
value, said control unit carries out the operation of forcibly
consuming the toner inside said developer tank until it 1s
detected that the toner concentration 1nside said developer
tank 1s lower than said first reference value, and after 1t 1s
detected that the toner concentration 1nside said developer
tank 1s lower than said first reference value, said control unit
carries out the operation of forcibly consuming the toner
inside said developer tank and the replenishment operation of
the replenishment developer concurrently.

16. The image forming apparatus according to claim 14,
wherein when it 1s detected that the toner concentration inside
said developer tank 1s higher than said second reference
value, said control unit carries out the operation of forcibly
consuming the toner mside said developer tank a predeter-
mined number of times, and said control unit carries out the
operation of forcibly consuming the toner inside said devel-
oper tank and the replenishment operation of the replenish-
ment developer concurrently a predetermined number of
times, and then said control unit carries out the operation of
torcibly consuming the toner 1inside said developer tank until
it 1s detected that the toner concentration inside said devel-
oper tank 1s lower than said second reference value.
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17. The image forming apparatus according to claim 14,
wherein

said 1mage forming apparatus further comprises a devel-

oper discharge detecting sensor for detecting whether
the developer-tank-contained developer 1s discharged
from said discharging mechanism, and

when 1t 1s detected that the toner concentration inside said

developer tank 1s higher than said second reference
value, said control unit carries out the operation of forc-
ibly consuming the toner inside said developer tank and
the replenishment operation of the replenishment devel-
oper concurrently until the discharge of the developer-
tank-contained developer 1s detected.

18. The image forming apparatus according to claim 13,
wherein when 1t 1s detected that the toner concentration inside
said developer tank 1s higher than said second reference
value, said control unit carries out the operation of forcibly
consuming the toner inside said developer tank until it 1s
detected that the toner concentration 1nside said developer
tank 1s lower than said first reference value, and after 1t 1s
detected that the toner concentration inside said developer
tank 1s lower than said first reference value, said control unit
carries out the operation of forcibly consuming the toner
inside said developer tank and the replenishment operation of
the replenishment developer concurrently.

19. The image forming apparatus according to claim 13,
wherein when 1t 1s detected that the toner concentration iside
said developer tank 1s higher than said second reference
value, said control unit carries out the operation of forcibly
consuming the toner inside said developer tank a predeter-
mined number of times, and said control unit carries out the
operation of forcibly consuming the toner mside said devel-
oper tank and the replenishment operation of the replenish-
ment developer concurrently a predetermined number of
times, and then said control unit carries out the operation of
forcibly consuming the toner 1inside said developer tank until
it 1s detected that the toner concentration inside said devel-
oper tank 1s lower than said second reference value.

20. The image forming apparatus according to claim 13,
wherein

said 1mage forming apparatus further comprises a devel-

oper discharge detecting sensor for detecting whether
the developer-tank-contained developer 1s discharged
from said discharging mechanism, and

when it 1s detected that the toner concentration inside said

developer tank 1s higher than said second reference
value, said control unit carries out the operation of forc-
ibly consuming the toner inside said developer tank and
the replenishment operation of the replenishment devel-
oper concurrently until the discharge of the developer-
tank-contained developer 1s detected.
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